the dental profession in national programs concerned with the delivery of health care to the public."' A number of the Task Force's recommendations were adopted by the 1971 House of Delegates' as Association policy for the delivery of dental care in a national program. Some of these policies, which have substantially remained in effect since 1971, are:
(a) Delivery of dental care in a national program should be through the private practitioner in the first instance, with community health centers only encouraged if the supply of private dentists is inadequate.
(b) Priority should be given to the usual, customary, and reasonable (UCR) fee method of payment for practitioners, with fixed fees or table of allowances also recognized as appropriate payment methods. Private third-party carriers rather than government bodies should be encouraged to act as administrative agencies in a national program.
(c) Preventive practices in dentists' offices should be given prime emphasis and first-dollar priority, as should the prevention of dental disease through community measures.
(d) There should be no copayment nor deductible payable by the patient for periodic examinations and diagnosis, prophylaxis, topical applications of fluoride, plaque-control programs, and emergency treatment.
(e) Comprehensive dental care in a national program should begin with an incremental plan" * for children.2
In addition to these policies of the ADA, specific guidelines for dental services for children in dental care programs, either local or national, have been developed by the American Academy of Pedodontics (AAP) and the American Society of Dentistry for Children (ASDC).32 These guidelines place high priority on diagnostic and preventive services, with the expectation that peer-review mechanisms will be employed to ensure their adequacy.
Traditionally, diagnostic and preventive services have not been high-fee items. In the past, it was the custom of some dentists to charge a consolidated fee for examination, radiographs, prophylaxis, and oral hygiene advice, whereas others did not charge for these services at all if additional treatment was being O.4ssociate Professor of Dental Public Health, School of Public Health, l h e University of Michigan, ""DunningI3 defines an incremental plan as:
.4nn Arbor, Michigan 48109.
. . . periodic care so spaced that increments of dental disease are treated at the earliest time consistent with proper diagnosis and operating efficiency, in such a way that there is no accumulation of dental needs beyond the minimum. delivered. In more recent years, however, the approach to diagnostic and preventive services has become more sophisticated. Knowledge has expanded, new technics have been introduced, and what may be called a "preventive consciousness" among dentists probably has been raised. In addition, the growth and development of third-party plans in which UCR fees are prefiled by each participating dentist has led to each diagnostic and preventive service's attracting an individual fee.1° The result of these developments could be a sharp increase in the cost of what are now perceived as routine diagnostic and preventive services, with perhaps a questionable increase in the benefits they are intended to confer.
This paper uses existing data, ADA policies, and AAP-ASDC guidelines to develop a model of a national incremental dental care plan for children aged 6-13. Its main purpose is to draw attention to the expenditures for diagnostic-preventive services, and how they will influence the total cost of a program which may be administered according to ADA policies. The method used is the application of a model which assesses the per-capita costs of dental care for children moving through the program. As a period of years is involved in the assessment of these costs, Relative Value Units (RVUs) are used as a proxy for dollars. This procedure gets around the problem of fee increases over time.
The model examines separately the per-capita costs for children from fluoridated areas and fluoride-deficient areas. This approach is taken to allow the influence of the diagnostic-preventive costs to be assessed against the proven cost-savings in reparative treatment that result from fl~oridation.~
The incremental program used in the model
A national incremental plan for children aged six to 13 would take eight years to reach maturity. All children would be eligible to receive necessary treatment once per year. Services that would be available are those recommended by the AAP-ASDC guidelines, with restrictions based on those used in some thirdparty plans spelled out in areas where the guidelines appeared nonspecific. These are (i) orthodontic care would be restricted to space maintainers and simple interceptive care of up to six months duration, (ii) no gold restorations or restorations in anterior primary teeth would be permitted, and treatment of primary teeth would cease at age 12, and (iii) while bitewing radiographs would be taken annually as suggested by the AAP-ASDC guidelines, periapical films ". . . consistent with the needs of the patient"32 would mean a full series of radiographs no more than once every three years. The model does not consider repair of cleft lip and palate, major oral surgery, and acid-etch procedures. It is assumed that children from fluoridated areas have received full benefits from fluoridation, those from fluoride-deficient areas no benefits." Specialist care is not included in this model; the orthodontic care described is now frequently delivered by general practitioners.
Method
A scale of Relative Value Units (RVUs) was developed for quantifying ' This situation does not apply in real life; the mobility of the U. S. population ensures that many children receive partial benefits from fluoridation. The distinction is adopted here for practicality. dental treatment requirements. This scale was taken from the mean fees reported by all general practitioners responding to the Survey of Dental Practice conducted by the Bureau of Economic Research and Statistics, American Dental Association, in 1973.3 The scale, shown in Table I , uses the fee for a one-surface amalgam restoration in a permanent tooth as unit value. Values for other services are established by dividing the appropriate mean fee from the survey by the mean fee for the one-surface amalgam.
While several methods of epidemiological assessment of dental treatment needs have been s u g g e~t e d ,~~~~~ no body of data on dental treatment needs as distinct from disease levels in children could be found. The following steps were therefore required:
(a) determination of disease levels in six-year-old children, (b) conversion of disease levels to treatment needs in six-year-olds, (c) determination of disease increments for each year from six to 13, (d) conversion of these increments to treatment needs. Taking each of these steps in turn:
(a) Disease levels in six-year-old children and nonfluoridated 5,7,12,1j,~;222,30,41,43, 45 areas. There was naturally some variability in these data, some attributable to real differences between geographic areas, and some to variations in examination conditions and criteria. A simple average of each set was taken, thus giving mean DMF and def values for a hypothetical "national" group of children. (Data from the National Center for Health Statistics were not used here as they do not differentiate between fluoridated and nonfluoridated areas.) By this procedure, six-year-olds from fluoridated areas were estimated to have a mean DMF of 0.17 and a mean def of 2.64, and those from fluoride-deficient areas a mean DMF of 0.45 and a mean def of 5.05.
(b) Conversion of disease levels to treatment needs in six-year old children It was assumed that 80 percent of DMF and def teeth were decayed teeth requiring treatment. This figure is taken from National Health Survey data,48 inflated slightly to allow for the probable delay in seeking treatment among children in the years prior to their entering the program. As a result, six-year-olds from fluoridated areas were estimated to require restorative treatment in 0.14 permanent and 2.11 primary teeth each, while those from fluoride-deficient areas would need restorative treatment in 0.36 permanent and 4.04 primary teeth each.
Studies in Alabama33 and Boston34 have given the proportional mix of treatment procedures in primary teeth in five-to-six-year-old children. The proportions were fairly similar, despite the geographic differences in study locations; for convenience the Alabama data were used. Although there was naturally some hesitancy in applying treatment-mix data for a rural southern group to a national group, the absence of suitable alternatives made it necessary to do so. Johnson33 found that in treating decayed primary teeth in six year olds, 8.78 percent were extracted, 50.17 percent received one-surface amalgams, 30.79 percent received two-surface amalgams, 6.84 percent received three-or-more-surface amalgams, and 3.42 percent received stainless steel crowns. All permanent teeth decayed at (ii) ten percent of children from fluoride-deficient areas would require a space maintainer, another 10 percent would require interceptive treatment. The corresponding figures for children from fluoridated areas were two percent for a space maintainer, and eight percent for interceptive treatment. These treatment requirements were inferred from published data. 4,11,21~23,2' ,31,38,.10,.10 (iii) ten percent of the fluoride-deficient group, and five percent of the fluoridated group, would require one pulpotomy in a primary molar. Table I1 shows per-child requirements, as well as the RVUs needed, for initial treatment of six-year-olds in both fluoridated and fluoride-deficient areas.
(c) Disease increments in children aged six to 13
Estimates of caries increments in permanent teeth were taken from National Health Survey data47,48," and from control groups in clinical trials held in fluoridated14,25s44 and f l u o r i d e -d e f i~i e n t~~-~~~~~ 46 areas. There was a necessary reliance on National Health Survey data in this instance, despite their cross-sectional rather than longitudinal nature because of the limited data from clinical trials. The increment of caries in fluoridated areas was taken to be half of that in fluoridedeficient areas. As all children by definition were receiving annual maintenance care, the effects of regular preventive services were allowed for by reducing these average increments of caries by 35 percent in fluoride-deficient areasz8 and by 25 percent in fluoridated area^,^^,^,^ (though it could be argued that results from controlled clinical trials may not be achieved with more widespread use). OData taken from National Health S~r v e y~* ,~ and increments in control groups in clinical trials. 14, [17] [18] [19] 25, 29, 44, 46 (d) Conversion of disease increments to treatment needs in children aged six to 13 In the fluoridated area, children aged seven to nine were estimated to have the whole DMFT increment in one-surface amalgams; those aged 10-13 would have 0.5 percent of the increment in extractions; and, of the rest, 90 percent are one-surface amalgams and 10 percent are two-surface amalgams.16 In the fluoridedeficient area, children aged seven to nine were taken to have the whole DMFT increment as one-surface amalgams. The 10-13 year-olds would have 1.0 percent of the DMFT increment as extractions, 48 percent of the remainder as one-surface amalgams and 52 percent as two-surface amalgams.27
The Richmond-Woonsocket studies 36,37,51,52 indicated that incremental needs in the second year were some 40 percent of initial needs. This figure is used here by applying it to needs in the primary dentition in both fluoridated and fluoridedeficient areas. The needs at age seven were taken to be 40 percent of those at age six. Subsequent needs in the primary dentition were based on a similar rate of annual reduction, to allow for the reduced number of untreated decayed teeth in children of this as well as the effects of dental treatment received in previous years.
Other treatment needs in the seven-to-13 year-old group were determined as follows:
(i) Every child each year would receive an examination, prophylaxis, topical fluoride, and dietary/plaque control instruction, following AAP-ASDC guidelines. A full series of radiographs would be taken every three years, bitewings only in the intervening years.
(ii) Space maintainers at age seven would be required by 2.5 percent of children in fluoride-deficient areas and 1.0 percent in the fluoridated areas. These figures would reduce by 40 percent each year. In both groups, 8.0 percent each year would require interceptive orthodontic treatment from ages seven to nine, diminishing by 40 percent per year after that. These data are estimated from the initial needs given earlier for six year-olds, as no data could be found on the efficacy of interceptive orthodontic treatment in reducing subsequent treatment need.
(iii) No endodontic treatment should be necessary for either group from age seven to 11 as all are receiving regular maintenance care. Pulpal exposure following traumatic injury in this group would be given temporary treatment until the child grew older. In both groups, 5.0 percent of 12-13 year olds would require a one-canal anterior root filling as a result of trauma.
The estimates of annual incremental treatment needs are given in Table 4 , for children from fluoridated areas, and in Table 5 for those from fluoride-deficient areas.
Results
Results are shown in Table 6 , which presents the cumulative RVUs received by a child, in either a fluoridated or a nonfluoridated area, as he or she moves through the program. The difference in restorative RVUs received is 49.8 percent less for a child from the fluoridated area, much as would be expected. When orthodontic RVUs are added, the difference in total RVUs drops to 27.6 percent. When total care received is considered, the difference in RVUs received drops to only 11.9 percent less for the child from a fluoridated area. Even if orthodontic care is excluded, the difference in RVUs received is only 13.3 percent for the child from a fluoridated area. Over the eight years a child would be in the program, diagnostic-preventive services constitute 64.5 percent of the total cost of his dental care in a fluoridated area, and 56.8 percent of total costs in a fluoridedeficient area.
Discussion
Before discussing the implications of these results, some consideration of the methods used to achieve them is in order. An exercise of this nature highlights the gaps in the knowledge of 'disease progression and the extent of treatment delivered; numerous assumptions on treatment needs were therefore required. Some assumptions are more critical than others. For example, even radical alterations in the frequency of low-RVU services, or of moderate-RVU services of low frequency, will not make much difference in the results obtained. To be specific, the effects on costs of increasing the frequency of pulpotomies (Table 11) by as much as five times are slight, and about equal the effects of trebling the frequency of stainless steel crowns. Marked alterations can also be made in the frequency and proportions of amalgam restorations without much effect on the absolute or relative costs of the program.
The most sensitive assumptions on treatment needs in this model concern orthodontics. The high relative value of interceptive orthodontic care means that only moderate changes in the estimates of orthodontic treatment required could have a pronounced effect on the results of the study. In econometric terms, the model is "sensitive" to the extent of orthodontic care required by the study populations. Quantification of orthodontic treatment need is notoriously subjective. 11,'1 Rather than having to use "guesstimates" in exercises like this one, it would be better to obtain data on the extent of interceptive orthodontic care actually being delivered. Such data could probably be found now in the records of dental prepayment carriers. Their publication, even allowing for the fact that they apply only to certain population groups in certain areas, would be a useful addition to the dental literature. The same thinking applies to other high-RVU items that are difficult to quantify, for example root canal treatments.
The results of this exercise highlight two features that merit discussion. These are (i) the high proportion of total per-capita expenditures for diagnostic-preventive services and (ii) the way in which expenditures on diagnostic-preventive services can erode the cost-savings due to fluoridation. Diagnostic-preventive services considered in this study are the first five services listed in Tables IV and V, though this list could be seen as conservative by some proponents of the preventive philosophy39 (or excessively liberal by others).
It must be reemphasized at this point that sound diagnosis is fundamental if the care delivered is to be of acceptable quality. It must also be made clear that any national program, or even a local third-party program for that matter, should be based on a long-term preventive approach. Once these commitments are made, it must still be asked whether the expenditure on these diagnostic-preventive services is money well spent. The question is one of cost-effectiveness; can the same degree of dental health be achieved for children in a national program with less expenditure?
Recent developments have led to the emergence of what can be called the "diagnostic-preventive package." The implication is that a standard set of diagnostic and preventive services may be being delivered indiscriminately, and perhaps.inappropriately in many cases, rather than particular services chosen to meet the needs of the individual patient. Several factors which have led to the development of routine "packages" can b e identified; they include the ready availability of well-advertised products, and fairly simple technical procedures. Perhaps more important, it is the way in which much third-party dentistry is administered. A participating dentist who prefiles his fees submits an individual fee for examination, prophylaxis, topical application of fluoride, radiographs, study casts, sometimes dietary counselling, oral hygiene 'instruction, and caries susceptibility tests. The sum of these individual fees can be considerable. In addition, many third-party plans encourage the use of diagnostic-preventive services by setting low patient copayments for them, or none at all. The rationale for this approach is to encourage patients to use dental services regularly and to raise the quality of care above that of "drill-and-fill," both entirely laudable aims. But routinely delivered "packages" may be an unforeseen and undesirable side-effect of low copayments for diagnostic and preventive services.
The recommendations of the specialist groups in dentistry for children have also inadvertently helped to foster "packages." The guidelines for third-party dental programs for children, produced by the American Academy of Pedodontics and the American Society of Dentistry for Children,32 and used in this study, are intended to lead to the highest possible quality of care for the individual patient. It can be argued, however, that "optimum" quality of individual patient care is incompatible with the goals of a third-party program; some restrictions must be placed on services and their frequency of use in order to keep costs within reasonable limits. Dentists are trained to provide their patients with "the best," limited only by the patients' ability or willingness to pay. The reduction of the out-ofpocket cost barrier brought on by third-party payment, government or private, leads some dentists to believe that now all covered patients should receive "the best." Sometimes it is difficult to realize that a program's financial resources are finite, just as a private patient's are, and that some limitations on services and their frequency are necessary if a program is to achieve its aims.
The results of this study spotlight several areas where the recommendations in the guidelines32 can be questioned. One such area concerns radiographs. The guidelines state that radiographs for recall patients should consist of ". . . cavitydetecting radiographs at least annually, and periapical films consistent with the needs of the patient."32 Many question the necessity for this frequency 'of bitewing radiographic exposure, especially for children on annual recall, and most especially for those receiving fluoridated water. The hazards of unnecessary radiation must also be taken into account when considering the frequency of radiographic exposure for the individual. In third-party programs, periapical films ' I . . . consistent with the needs of the patient" is too vague. Some specific frequency is required, though always with the proviso that the truly unusual patient with special requirements must be protected.
Another area of concern in the guidelines32 concerns topical applications of fluoride. Recall patients are advised to receive ". . . topical applications of fluorides at least annually," regardless of whether they have consumed fluoridated water all their lives or not. While there is evidence to show that topical applications give some added benefit to children in fluoridated areas, 14,25,44 the cost-benefits of such a procedure must be questioned. The results of this study, without being conclusive, indicate that some rational approach must be made toward controlling the cost of diagnostic-preventive services in third-party programs. While it is clear that the private practitioner must be included in any national program for children, it is hard to see that the system of prefiled fees, at least for diagnostic and preventive services, would be accepted, even if private carriers administered the program. What is required is a method of encouraging the appropriate delivery of diagnostic and preventive procedures in a cost-effective manner, while still protecting the patient with unusual needs.
The problem of diagnostic-preventive costs discussed in this study is best treated by the appropriate groups within organized dentistry. Current policies are so worded that sweeping change would not be required. ADA Resolution 27-1971-H,' for example, states that various methods of reimbursement are to be encouraged in a national program, with the mandating of capitation as the only method to be discouraged. In the guidelines for dentistry for children, this statement is made:
. . . it may be useful to request participating dentists to present a description of the "normal package" of preventive and educational services provided as a routine part of the treatment of children in their office.32
An examination of both these statements indicates that a capitation approach might be developed for diagnostic and preventive services, despite the distaste for capitation among most dentists. Both the fee and the list of services covered could be determined for different areas, and for patients of different ages. Those patients who required extra preventive services would most likely be balanced by those who required minimal attention, especially among recall patients and most especially in fluoridated areas. This approach would also allow standards for radiographs, fluoride applications, and perhaps other services to be developed for different areas. The truly unusual patient could be catered for adequately b y preauthorization procedures. Fee-for-service could be retained for restorative treatment. The imposition of patient copayments for diagnostic-preventive services may be a simpler method of controlling "front-end" costs, but many would view this move as retrograde and unimaginative. The capitation approach merits serious consideration.
Unless some definite move toward controlling diagnostic-preventive costs is made by dentistry, itself, less rational controls may be introduced from other sources. Perhaps of most concern, the uncontrolled ballooning of "front-end" costs will erode the savings that should come with fluoridation, and that would be nothing less than tragic.
Summary
A modelling exercise was carried out to examine the potential expenditure in a national incremental dental program for children aged six to 13. Using Relative Value Units (RVUs) as a proxy for dollars, the relative expenditures for care per child in fluoridated and fluoride-deficient areas were assessed. Dental treatment requirements were taken from existing data as far as possible. Arrangements for the delivery of care were based on existing policies of the American Dental Association, and services delivered were based on the reconimendations of the American Academy of Pedodontics and the American Society of Dentistry for Children. Orthodontic care was limited to space maintainers and simple interceptive care. Children were assumed to receive initial care at age six, and annual maintenance care from ages seven to 13.
The results showed that although restorative care would be 49.8 percent less expensive for children in fluoridated areas, total care would be only 11.9 percent less expensive. The major reason for this difference was the high proportion of annual maintenance-care costs that would be absorbed by diagnostic and preventive services using UCR fees. The necessity for much of this care is questioned under the conditions of this model, and some methods by which the dental profession might control the relatively high cost of diagnostic-preventive services are suggested. 
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